Abstract Wines can be modified by microorganisms during the ageing process, by producing off-flavours like volatile phenols (VP), leading to their deterioration, with great economic losses. The development of methods to recover wines affected by unwanted VP became an important target. Molecular imprinted polymers (MIPs) are synthetic materials with artificiallygenerated recognition sites for selective extraction of organic compounds from different matrices. In this work, two MIPs to remove unwanted VP from wines were developed and their effects were evaluated. Volatile compounds were determined by GC-FID and GC-IT/MS and phenolic compounds (non-coloured and anthocyanins) by HPLC-DAD. The treatment with MIP-4EG and MIP-4EP significantly reduced the content of 4-ethylguaiacol and 4-ethylphenol, respectively. Nevertheless, the changes observed in wine non-coloured and coloured phenolics and sensorial analysis indicate that their specificity and selectivity regarding off-flavours still needs to be improved.
Introduction
Aroma is one of the most important parameters in wine quality and, hence, for consumer's acceptance. The complex sensory quality of wine is determined by different compounds, partly derived from grapes and others resulting from yeasts. Under certain conditions, yeasts can spoil wine by producing offflavours, turbidity, sediment, acidity and by forming biofilms. The unpleasant odours may appear in wine at different stages; however, organoleptic alterations usually occur during ageing, prior to bottling, especially when wines are kept in old barrels (Silva et al. 2005; Valentão et al. 2007) .
Contaminating yeasts of the genus Dekkera/Brettanomyces, particularly D. bruxellensis, are able to produce large amounts of unwanted volatile phenols (VP) , 4-vinylguaiacol (4VG), 4-ethylphenol (4EP) and 4-ethylguaiacol (4EG)], leading to wine deterioration, higher amounts of vinyl phenols being found in white wines and ethylphenols in the red ones (Chatonnet et al. 1997) . Their presence in red wine at high concentrations (up to 400 μg/L) is associated with unpleasant aromas, often described as Bphenolic^, Bleather^, Bhorse sweat^, Bstable^or Bvarnish ( Dias et al. 2003) . Minimal quantities may also be due to various species of Lactobacillus (Chatonnet et al. 1995; Couto et al. 2006) and Pichia guillermondii (Barata et al. 2006 ).
The origin of VP involves the sequential action of enzymes on hydroxycinnamic acids (ferulic, p-coumaric or caffeic acids), which are naturally found in grape musts (Suárez et al. 2007 ). The link between Dekkera spp. and the appearance of the Bphenolic smell^in red wines renewed the interest in studying these compounds. Appropriate knowledge on wine-making methods can efficiently prevent contamination by Dekkera spp. However, some modern tendencies to reduce the use of sulphur dioxide and the trend for red wines with a higher pH, along with the increasing use of old barrels, led to the presence of the undesirable BBrett character^in wines produced in several countries, causing significant economic damage (GardeCerdán et al. 2008) .
Several procedures have been proposed for reducing 4EP and 4EG contents in wine, such as reverse osmosis and adsorption (Ugarte et al. 2005) , sorption on yeast lees and cell walls (Chassagne et al. 2005; Pradelles et al. 2008; Pradelles et al. 2009 ), use of esterified cellulose (Larcher et al. 2012) or application of remedial treatments [activated charcoal, polyvinylpolypyrrolidone (PVPP), zeolite and bentonite] (Lisanti et al. 2013 ). All of these methods present limitations like price, lack of Bcurative^efficiency and difficulty of industrial application. For these reasons, the development of new methods for the easy and cheap recovery of wines affected by the off-flavours resulting from the presence of VP became an important target.
Molecular imprinted polymers (MIPs) have revealed ability for liquid-liquid extraction, solid-phase extraction and clean-up of complex matrices, such as biological, environmental and food samples, which require highly selective extraction techniques (Molinelli et al. 2002) . MIPs are used in food and agricultural sectors as they constitute a fast, reliable, robust, and cost-effective method, being imprinted for food additives, food components and contaminants, like herbicides, pesticides and trace metals (Molinelli et al. 2002) .
MIPs are synthetic polymers with recognition sites, able to specifically bind to a target molecule (template). In general, they are obtained by mixing the template with the complementary functional monomers and cross linkers in a suitable solvent. After polymerization, the template must be extracted from the synthesized polymer (Andersson 2000) . The main advantage of MIPs is their high selectivity and affinity for the target molecule used in the imprinting procedure. They have high physical robustness, strength, resistance to elevated temperature and pressure, and inertness towards acids, bases, metal ions and organic solvents. In addition, their synthesis is inexpensive and they have a long storage life, keeping their recognition capacity for several years at room temperature (Vasapollo et al. 2011) .
In this work we developed MIPs to remove 4EP and 4EG from red wines, since, as above mentioned, ethylphenols are found in higher amounts in these wines. The effects of their application to aged red wines were evaluated. Following these purposes, volatiles were determined by GC-IT/MS and GC/ FID, and phenolic compounds (non-coloured and anthocyaninns) by HPLC-DAD. This methodology may contribute to the recovery of spoiled wines, allowing their valorisation, promoting their consumption, thus resulting in an economic benefit to the wine industry.
Materials and methods

Standards and reagents
All chemicals used were of analytical grade. The standard compounds were purchased from various suppliers: β-linalool, nerol, nerolidol, eugenol, isoamyl acetate, ethyl hexanoate, phenylethyl alcohol, 4EG, 4EP, trans-caffeoyltartaric acid (t-CAFTA), vanillic acid, caffeic acid, syringic acid, ferulic acid, p-coumaric acid, cinnamic acid, hexanoic acid, octanoic acid, decanoic acid and palmitic acid were from Sigma-Aldrich (St. Louis, MO, USA). Malvidin-3,5-O-diglucoside, cyanidin-3-Oglucoside, cyanidin-3-O-rutinoside, peonidin-3-O-glucoside, malvidin-3-O-glucoside, delphinidin, petunidin, pelargonidin, malvidin, catechin, epicatechin, epigallocatechin-3-O-gallate, epicatechin-3-O-gallate, myricetin, isorhamnetin-3-O-glucoside and quercetin were from Extrasynthèse (Genay, France). Ethyl butanoate, hexyl acetate, diethyl succinate and chloroform were from Merck (Darmstadt, Germany), (Merck). A hydrocarbon mixture C 6 -C 20 was obtained from Fluka (Buchs, Switzerland). 1-Heptanol, 1-octanol and (E)-2-octenal were from SAFC (St. Louis, USA). Methanol and acetonitrile were purchased from Sigma-Aldrich (St. Louis, MO, USA). Acetic acid was supplied by Prolabo (Fontenay-Sous Bois, France). Water was deionized using a Milli-Q water purification system (Millipore, Bedford, MA).
F o r t h e s y n t h e s i s o f M I P s 2 , 2 0 -a z o b i s -( 2 -methylpropionitrile) (AIBN) and ethylene glycol dimethacrylate (EDMA) from Fluka, Sigma-Aldrich (Steinheim, Germany) and 4-vinylpyridine from Aldrich (St. Louis, USA) were used.
Synthesis of MIPs
MIPs were prepared by non-covalent approach, using either 4EP or 4EG as template, following a procedure adapted from previous references (Garde-Cerdán et al. 2008; Castro-López et al. 2012) . 1 mmol of the template was mixed with the monomer (4-vinylpyridine, 4 mmol), crosslinker (EDMA, 20 mmol) and azo initiator (AIBN, 0.5 mmol) in 40 mL of porogen. The employed porogen was 40 mL of an acetonitrile:chloroform (3:1) solution, degassed under nitrogen atmosphere during, at least, 15 min. The mixture was sonicated for 10 min, degassed under nitrogen atmosphere for 5 min and sealed under vacuum. Polymerization was carried out in a water bath at 60°C for 24 h. MIPs were then dried until constant weight and the template was removed by using methanol:acetic acid (4:1).
The corresponding non-imprinted polymers (NIPs) were also prepared using the same experimental conditions, but in the absence of the template.
The surface morphology of MIPs and NIPs was characterized by scanning electron microscopy (SEM), using a JEOL JSM-6400 apparatus (Michigan, USA). The samples were sputter-coated with gold prior to the observation (Fig. 1) .
Rebinding study
A standard solution of 4EP and 4EG in synthetic wine was used. Synthetic wine consisted on an aqueous solution of ethanol 15 % (v/v) and tartaric acid 3 g/L at pH 3. For binding evaluation of MIPs two procedures were carried out based on previous studies: rebinding study by solid phase extraction (SPE) (Castro-López et al. 2012 ) and batch rebinding method (Cela-Pérez et al. 2011) .
For SPE procedure, 200 mg of dried polymers were packed into 6 mL polypropylene SPE cartridges (Supelco, Bellefonte, PA, USA) and capped with fritted polytetrafluoroethylene (PTFE) disks at the bottom and the top of the cartridges. The outlet tips were connected to a vacuum pump (VISIPREP Solid Phase Extraction Vacuum Manifold, SigmaAldrich Co., St. Louis, MO, USA). The volume of the samples corresponded to 25 or 100 mL. Each assay was performed twice.
For batch rebinding dried polymer and sample were placed together into 5 mL vessels in the ratio 24 mg/3 mL or 200 mg/25 mL, at room temperature; incubation time was 4 h, the first one under stirring (100 rpm). Each assay was performed twice.
Wine samples preparation
The samples consisted on commercial red wine produced in a winery (Sogrape, Portugal) from Alicante Bouschet (84 %) and Aragonês (16 %) grapes growing in the Alentejo region (Portugal) and collected in September 2011. The wine sample used had the following characteristics: pH =3.69, volatile acidity =0.68 g/L, reducer sugars =2.8 g/L, total acidity =3.4 g/L, SO 2 free =22.0 mg/L. Wine (10 L) was removed from an oak barrel, filtered through a 0.45 μm membrane filter (Millipore, USA) and divided by four glass flasks (500 mL each); this process was repeated three times independently. Sample control did not receive any treatment. The three aliquots were extracted and analysed separately.
Wine samples were subjected to a clean-up step by using MIPs as batch rebinding method; the ratio 100 mL of sample/ 200 mg of polymer was kept throughout the assays. The percentage of each compound retained by the polymer was calculated by difference from the initial concentration and expressed as % of depletion.
Sensorial analysis
A panel composed of six people (professors, laboratory personnel and winemakers) was engaged in sensorial evaluation of control and treated samples, concerning colour, odour and flavour. The samples were ordered from 1 to 4, being 1 = less intense and 4 = more intense. A constant volume of 30 mL of each wine was evaluated in wine-taster glasses at 12°C in accordance with ISO 3591, in an adequate room (without sensory odours). Control proved to be the sample with greater intensity of colour, odour and flavour (4 ± 0.0 for all parameters). The colour of NIP, MIP-4EG and MIP-4EP was 2.5 ± 0.83, 2.0 ± 0.89 and 1.67 ± 0.82, respectively. MIP-4EP showed the best results concerning odour and flavour (1.33 ± 0.51 and 1.5 ± 0.55, respectively), followed by MIP-4EG (2.00 ± 0.89 and 1.66 ± 0.81, respectively) and NIP (2.66 ± 0.51 and 2.83 ± 0.41, respectively). These results revealed the importance of MIPs in the depletion of volatile phenols and off-flavours.
Volatile phenols
Compounds were removed according to a described procedure (Valentão et al. 2007 ): 50 mL of a mixture containing the wine sample and 50 μL of 4-decanol (1 g/L in 60 % ethanol, internal standard) were extracted with 4 ml of ethyl ether:n-hexane (1:1) for 5 min, followed by extraction with 2 ml of the same solution (twice). The volatile fractions were gathered and 2 μL were analysed by GC-FID.
The analysis was carried out according to a previous method (Valentão et al. 2007) . A Focus GC Thermo Finnigan (Milan, Italy), equipped with a flame ionisation detector ( F I D ) a n d a C P Wa x 5 7 ( W C O T F u s e d S i l i c a ; 25 m × 0.25 mm × 0.20 μm) column was used. The injection port was a split-splitless one, working at 200°C, in splitless mode for 0.5 min and split ratio 30:1. The carrier gas was hydrogen, at a flow rate of 2.8 mL/min. The oven temperature was 40°C (5 min), then increasing 3°C/min to 200°C (20 min), and the detector temperature was set at 250°C. The detector signals were recorded and processed by Chrom-Card for Windows software (Fisions, USA). The compounds were identified by comparing their retention times with those from standards. Quantification was achieved by the external standard method.
Calibrations were carried out for each compound from a stock solution (100 mg/L), by dilution in synthetic wine to concentrations between 0.25 and 20 mg/L. These solutions were then subjected to the above described process, with the prior addition of the internal standard. The correlation coefficient for the standard curves is 0.9998 for both studied compounds. The regression equations for 4EP and 4EG are y = 148323×-6263.5 and y = 110321×-429.21, respectively. The limit of detection (LOD) and limit of quantification (LOQ) were lower than their known olfactory thresholds in red wines (110 and 605 μg/L for 4EG and 4EP, respectively) (Chatonnet et al. 1992) . The LODs were 15 and 25 μg.L 
Other volatile compounds
The quantification of the other volatile compounds was performed according to Barros et al. (2012) by HS-SPME-GC-IT/MS.
The HS-SPME procedures were performed using a Combi-PAL autosampler (Varian Pal Autosampler, Switzerland) and the Cycle Composer software (CTC Analytics System Software, Switzerland). Wine samples (5 mL) were stirred (250 rpm) with 0.5 g of NaCl for 20 min, at 45°C. Afterwards, a DVB/CAR/PDMS fibre (Supelco, Bellefonte, PA, USA) was pulled into the needle sheath and the SPME device was removed from the vial and inserted into the injection port of the GC system for thermal desorption, for 2 min.
GC-IT/MS analyses were performed on a Varian CP-3800 gas chromatographer (USA) equipped with a Varian Saturn 4000 ion trap mass detector (USA) and a Saturn GC-IT/MS workstation software version 6.8. Chromatographic separation was achieved using a capillary column VF −5 ms (30 m × 0.25 mm × 0.25 μm) from Varian and high purity helium C-60 (Gasin, Portugal) as carrier gas, at a constant flow of 1.0 mL/min, in splitless mode. The initial oven temperature of 40°C was held for 1 min, then increasing 5°C/min to 250°C (5 min), followed by increase of 5°C/min to 300°C (0 min). The ion trap detector was set as follows: the transfer line, manifold and trap temperatures were 280, 50 and 180°C, respectively. All mass spectra were acquired by electron impact (EI). The mass range was 35-600 m/z, with a scan rate of 6 scan/s. The emission current was 50 μA and the electron multiplier was set in relative mode to auto-tune procedure.
The maximum ionization time was 25,000 μs, with an ionization storage level of 35 m/z. Analysis was performed in full scan mode.
Non-coloured phenolic compounds
Extracts' preparation was adapted from Silva et al. (2005) . Wine samples (20 mL) were extracted three times with 30 mL of diethyl ether for 5 min, with agitation. The ether fraction was then separated and concentrated to dryness using a rotary evaporator. The residue obtained was redissolved in 1 mL of methanol. The phenolic compounds were analysed on an analytical HPLC unit (Gilson), with an ODS-Hypersil reversed phase column (20 × 0.21 cm, 5 μm particle size), using a previously described procedure (Silva et al. 2005) . Elution solvents were water:formic acid (19:1) (A) and methanol (B), at a flow rate of 0.3 mL/min. A linear gradient starting at 2 % B, increasing to 62 % B after 60 min, was employed and detection was achieved with a Gilson DAD. The compounds in each sample were identified by comparing their retention times and UV-Vis spectra in the range of 200-400 nm and chromatograms were recorded at 280, 320 and 350 nm. Data were processed on Unipoint system Software (Gilson Medical Electronics, Villiers le Bel, France). Peak purity was checked by the software contrast facilities. Phenolic compounds quantification was achieved by the absorbance recorded in the chromatograms relative to external standards. Trans-p-Coumaroyltartaric acid (t-COUTA) was quantified as p-coumaric acid. Quantification of hydroxybenzoic acids and catechin derivatives was performed at 280 nm, hydroxycinnamic acids at 320 nm and flavonols at 350 nm.
Anthocyanins
Sample preparation consisted on the acidification of 5 ml of wine with 20 μL HCl. 20 μL of the acidified samples were analysed by HPLC-DAD.
The extracts were analysed on an analytical HPLC unit (Gilson), using a Spherisorb ODS2 (25.0 × 0.46 cm; 5 μm, particle size) column (Valentão et al. 2007 ). The solvent system used was a gradient of water:formic acid (19:1) (A) and methanol (B), starting with 5 % methanol and installing a gradient to obtain 15 % B at 3 min, 25 % B at 13 min, 30 % B at 25 min, 35 % B at 35 min, 45 % B at 39 min, 45 % B at 42 min, 50 % B at 44 min, 55 % B at 47 min, 70 % B at 50 min, 75 % B at 56 min and 100 % B at 60 min, at a solvent flow rate of 0.9 ml/min. Detection was achieved with a Gilson DAD. Spectral data from all peaks were accumulated in the range of 200-600 nm. The compounds in each sample were identified by comparing their retention times and UV-Vis spectra in the 200-600 nm range with the library of spectra previously compiled by the authors. Anthocyanin quantification was achieved by the absorbance recorded in the chromatograms at 500 nm, relative to external standards.
Calibrations were carried out for each compound from a stock solution (100 mg/L), by dilution in methanol acidified with HCl. The correlation coefficient for the standard curves invariably exceeded 0.99 for all studied compounds.
The repeatability and reproducibility of the chromatographic method was evaluated by measuring the peak chromatographic area of each compound six times on the same standard solution in the same day and in different days, respectively. The chromatographic methods are precise: the repeatability study showed relative standard deviation (R.S.D.) less than 5 %. The reproducibility study showed the R.S.D. lower than 10 % for anthocyanins.
Statistical analysis
Data were analysed by using Graph Pad Prism Version 5.00, Inc. (San Diego, CA) using the t-test (Wilcoxon matched pairs test). The significance was calculated for p < 0.05.
Results and discussion
Rebinding study Before using the MIPs to clean up wine samples, a preliminary rebinding study was carried out to test their performance to retain unwanted volatile compounds. With this purpose the adsorption of 4EP and 4EG from standard solutions prepared in synthetic wine was investigated. Two variables, namely the ratio amount of MIP/volume of solution, and the conditions of contact between the MIP and the sample (SPE or batch rebinding) were checked.
The influence of the ratio amount of MIP/volume of solution on the retention of the unwanted VP was tested by SPE; sample volumes of 25 and 100 mL of synthetic wine were used to study the retention of 0.25 mg of unwanted VP by 200 mg of MIPs. The increase of volume sample caused a reduction of the depletion from the range 51-60 % obtained for 25 mL to the 29-59 % achieved for the samples of 100 mL, so that the ratio 200 mg of MIPs/25 mL of sample was selected for further assays.
SPE and batch rebinding methods were compared. For batch rebinding method the MIP was put into contact with the sample under magnetic stirring. Batch rebinding led to enhanced retention of the VP by the MIP. The best results (62-74 % retention) were achieved with 2 h of contact time under magnetic stirring.
MIP-4EP and MIP-4EG were then applied to the clean-up of wine samples. The morphology of the synthetized MIPs and NIP was studied by SEM. The scanning electron micrographs revealed particles with spherical shapes. Homogeneous size distribution with diameter values in the range 100-300 nm was observed (Fig. 1) . 
Sensorial analysis
The treated samples showed a loss of colour compared with the untreated sample, the one treated with NIP displaying the minor colorant intensity. Concerning odour and flavour, a beneficial effect was observed in treated samples, the MIP-4EP-treated being selected as the preferred of the panel, mainly due to the lowest intensity in volatile phenols off-flavours.
Volatile compounds
In this work, 40 volatile compounds were identified by HS-SPME/GC-IT/MS in red wine sample, being distributed by distinct chemical classes. A similar qualitative profile was observed after the clean-up procedure using the developed MIPs, but quantitative differences were found (Tables 1 and 2 ). The unwanted VP contents in treated and non-treated wine are shown in Table 1 . The imprinted polymers showed a similar ability to reduce both 4EP and 4EG, MIP-4EP being slightly more effective and specific (54-56 % reduction) than MIP-4EG (40-55 %) (Table 1) .
These retention values were higher than those previously obtained by Larcher et al. (2012) using esterified cellulose, who reported averages of depletion of around 38 % for both 4EP and 4EG. Additionally, the results obtained herein are not as good as those described by Garde-Cerdán et al. (2008) , but those authors did not evaluate the effect on sensorial characteristics, coloured or non-coloured phenolics. Nevertheless, our results cannot be considered as negative, since some oenologists suggest that moderate concentrations of the negative-associated aromas (4EP and 4EG) add complexity to high-quality wines (Ugarte et al. 2005) . Furthermore, MIPs treatment of low contaminated red wines could be sensorial effective, as observed in our study with samples treated with MIPs, which showed better characteristics in terms of flavour.
Eugenol (31) is typically associated with oak barrel maturation, predominantly deriving from the thermal degradation of oak lignin during the toasting process of cooperage, although there are significant levels of this compound in untoasted oak (Kennison et al. 2008) . The levels of eugenol were significantly reduced in samples treated with MIP-4EP and MIP-4EG (ca. 66 and 70 %, respectively) ( Table 2) .
Esters are flavour compounds widely occurring in a variety of food products; they are the primary source of fruit aroma, having a strong influence on wine aroma, mainly ethyl esters. Esters constituted the class with higher number of compounds in red wine samples, isoamyl acetate (7) being the major one in all samples (Table 2 ). In a general way, treated samples showed a lower esters levels, a depletion of 63 and 57 % being noticed with MIP-4EP and MIP-4EG, respectively (Table 2) . For all treatments, depletion tended to increase with the ester hydrophobicity.
Elevated alcohol levels clearly increase the perceived warmth of hotness of wine and might mask some wine aroma and flavour attributes. Five alcohols were detected, phenylethyl alcohol (21) being clearly the main one in all analysed samples. Treatments with MIPs and NIP had no influence in its contents (Table 2) .
Concerning to sulphur-containing compounds, like thiols and disulphides, they play an important role in wine aroma (Moreira et al. 2010 ). 2-Furfurylthiol (8) was the only compound identified in this work. Its content decreased 22, 18 and 10 % with MIP-4EP, MIP-4EG and NIP treatments, respectively ( Table 2) . The results showed a significant affinity between sulphur compounds and polymers.
Considering fatty acids, they are formed during alcoholic fermentation and can be released by yeasts, contributing to wine flavour: volatile fatty acids and fruity ethyl esters directly, unsaturated fatty acids indirectly, as precursors of aldehydes and alcohols of six carbons with herbaceous flavour (Gallart et al. Gallart et al. 1997) . Additionally, fatty acids influence foam formation and stability and some of them (medium-chain fatty acids) are toxic to both yeasts and malolactic bacteria (Gallart et al. 1997) . Four fatty acids were identified in this work, decanoic acid (33) being the main one in control sample, while hexanoic acid was the one found at highest amounts in the three treated samples (Table 2 ). All treatments resulted in a great depletion of this class of compounds (72 % with either MIP-4EP or MIP-4EG) ( Table 2) . Many volatile aldehydes have remarkable odour properties, being formed from alcohols and other precursors by oxidation processes. Aldehydes have been reported to be normal constituents of the volatile fraction of wines, being important in flavour development and deterioration (Culleré et al. 2007) . One aldehyde (13) was detected in the analysed samples, the treated ones showing a higher content compared with control (Table 2) , thus suggesting a concentration induced by the treatments.
Terpenes play an important role in wine aroma, being a group of flavour compounds characteristic of specific grapes used for wine production. They can undergo several reactions during wine production and storage, as result of the duration of storage, relatively low pH and of the presence of compounds that can interact with them (Dziadas and Jelén 2010) . Monoterpenes like β-linalool (20) and nerol (27) were detected in wine samples. Treated samples showed a significant depletion: ca. 57 and 58 % for MIP-4EP and MIP-4EG, respectively.
Sesquiterpenoids represent an important chemical group in Vitis vinifera L. due to their aroma properties and also bioactive effects as anti-bacterial (Tamemoto et al. 2001) , or the ability to enhance bacterial permeability and susceptibility to exogenous antimicrobial compounds (Brehm-Stecher and Johnson 2003) . Nerolidol (36) was the only sesquiterpen alcohol identified in wine samples. Treatments led to depletion rates higher than 90 % (Table 2) . Some C 13 norisoprenoids have been frequently found in wines and are very important contributors to the wine aroma, due to their pleasant odour descriptors, usually presenting low odour threshold. These compounds are products of direct degradation of carotenoid molecules, such as β-carotene, lutein, neoxanthin and violaxanthin, or they can also be released after hydrolysis of glycoside molecules during wine making or aging processes (Baumes et al. 2002) . 1,1,6-Trimethyl-1,2-dihydronaphthalene (TDN) (32), that has been described as resulting from the direct degradation of β-carotene (Vinholes et al. 2009 ), was the only norisoprenoid found in the analysed samples. A great affinity of MIPs for this kind of compounds was observed (92 and 91 % for MIP-4EP and MIP-4EG, respectively) ( Table 2) .
Non-coloured phenolic compounds
Phenolic compounds constitute one of the most important quality parameters of wine, since they contribute markedly to the colour, flavour, bitterness and astringency of the final product (Rice-Evans et al. 1996) . Interest in phenolic compounds in wine has increased in recent years because of their potential beneficial effects on human health (Zafrilla et al. 2003) .
The analysis of wine samples by HPLC-DAD allowed the identification of 17 non-coloured phenolic compounds (Fig. 2,  Table 3 ). Catechin (4) and epicatechin (8) were the major ones (Table 3) . Both compounds exhibit antioxidant activity and may act as inhibitors of low density lipoprotein oxidation (Hayek et al. 1997; Silva et al. 2005) .
Polymers were able to adsorb non-coloured phenolics, reducing their contents in 44 % for both MIP-4EP and MIP-4EG (Table 3 ). Very few reports exists about the application of MIPs to remove individual non-coloured phenolics from red wines. Molinelli et al. (2002) developed a MIP as a sorbent material for SPE of quercetin from a complex red wine sample, with recovery rates of 98 %. Additionally, Chen et al. (2013) developed a MIP for selective recognition of resveratrol in wine, having obtained recoveries near 90 %. As far as we know, this is the first report about the influence of MIPs treatment directed to the non-coloured phenolic composition of wine and food matrices and not just to a single compound.
Anthocyanins
The colour of red wine is the first attribute to be perceived by consumers and hence, one of the most important sensorial characteristic. Anthocyanins are the main pigments responsible for the red/violet colour presented by red wines, especially by young ones (Oliveira et al. 2013) . HPLC-DAD analysis allowed the identification of nine anthocyanic compounds in all samples (Fig. 3) , the total amounts ranging between ca. 129 and 170 mg/l (Table 3) . Despite the difference observed in the content of each anthocyanin, there are common characteristics in the profile obtained. All of the samples exhibited malvidin-3-O-glucoside (5) as the major compound (69 to 77 % of determined compounds), which is in accordance with previous works that reported this as the main compound in other red wines (Mateus et al. 2002; Valentão et al. 2007) .
Concerning the effects of treatment, significant reductions were observed (Table 3) , being obtained average reductions of around 24 % for MIP-4EP and MIP-4EG.
Conclusions
MIPs are a novel approach for sample preparation and preconcentration, gaining increased interest in the fields of environmental, clinical and food analysis. MIPs revealed to be a promising alternative, not only because of the reduction of offflavours from wine, like unwanted VP, but also due to the possibility of wash and reuse them. However, the changes observed in the red wine profile in terms of phenolic compounds indicate that their specificity and selectivity regarding off-flavours needs to be improved. This study opens up good prospects for study possible industrial applications of polymers in wine affected by volatile phenols and other drinks affected by off-flavours.
